Additively manufactured (AM) materials are a current "hot topic" in materials science.
Additively manufactured (AM) materials are a current "hot topic" in materials science. [1] Current investigations of AM cellular materials, such as polymer foams, include the mechanical performance under compressive strain using 3D X-ray computed tomography (CT) at the microscale. This allows for an enhanced visualization of processes such as void collapse, brittle fracture, and increased surface area of AM materials while undergoing compressive strain. The results from this study will include interrupted in situ compression of AM polymer foams using laboratory-based CT as well as dynamic compression of AM polymer foams using synchrotronbased CT.
Laboratory-based interrupted in situ compression of AM polymer foams was imaged using an Xradia (now Carl Zeiss X-ray Microscopy, Inc., Pleasanton, CA) MXCT micro-scale X-ray transmission microscope and a Deben (Suffolk, UK) 500 N tension/compression cell. Microscale CT of AM polymer foams under dynamic compression was carried out at Argonne National Laboratory's Advanced Photon Source (APS) using beamline 2-BM, which enabled data acquisition of 1 tomogram per second at a compressive strain rate of 10 -2 s -1 , resulting in 20 successive tomograms per sample.
A variety of imaged samples were fabricated using different AM techniques. However, the majority of the presentation will focus on AM polymer foams printed using an Objet500 Connex 3D printer (Stratasys Ltd., Eden Prairie, MN). The material printed was a rubber-like elastomer. The presentation will also focus on a NiP microlattice: details of the fabrication of the NiP microlattice can be found in reference [2] . Figure 1 (Left) displays four volume renderings of reconstructed tomograms of an AM polymer foam, at four separate strains (0%, 15%, 29%, and 45%), as imaged under dynamic compression using synchrotron-based CT. The sample, fabricated to have parallel tubular pores, exhibits compressive behavior typical of an elastomeric foam ( Fig. 1 (Right) ) as described by Gibson and Ashby [3] . However, visibly absent from the stress-strain curve is a linear region at low strain, which indicates an absence of bending of the foam ligaments. Figure 2 (Left) displays four volume renderings of reconstructed tomograms of a NiP microlattice, at four separate stages of compression. The corresponding stress-time curve (Fig. 2 (Right) ) exhibits high stress (~1300 kPa) at a time of 25 s (corresponding to the 6 th tomogram (Figure 2 (Left), top right), after which brittle fracture of the NiP ligaments occurs. We will also demonstrate how CT can accurately measure the change in the surface area of the AM polymer foams while undergoing compression, leading to a more accurate stress-strain curve, when compared to traditional methods. Fig. 2 (Left) . Data was acquired while the sample was undergoing dynamic uniaxial compression during CT imaging.
